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ABSTRACT 
This study was carried out to monitor microbiological water quality in two different recreational 
areas around Kuching area. Rachan waterfall and UNIMAS lake were chosen to determine the 
presence of indicator microorganisms such as Escherichia coli. Most probable number (MPN) 
was evaluated for detecting and enumerating E.coli in water samples. Temperature and pH were 
used as parameters to evaluate the correlation towards distribution of coliforms in water samples. 
The positive tubes were cultured on eosin methylene blue agar (EMBA) for detection of E.coli. 
A total of 30 isolates of E.coli were isolated from both recreational areas. The representative 
isolates were tested through gram staining and standard biochemical tests. Out of 30, 26 were 
confirmed as E.coli based on the morphological characteristics. The isolates were tested for the 
presence of pathogenic Escherichia coli O157:H7 strain by multiplex PCR method targeting the 
stx1and stx2 genes.  The stx1 and stx2 genes were not detected in any of the E.coli isolates. This 
study showed that there are no pathogenic strains found in these recreational areas and it safe for 
human to do recreational activity. 
Key words: MPN, E.coli, parameters, multiplex PCR, Escherichia coli O157:H7.  
 
ABSTRAK 
Kajian ini telah dijalankan untuk memantau kualiti air mikrobiologi dalam dua kawasan 
rekreasi yang berbeza di sekitar kawasan Kuching. Air terjun Rachan dan tasik UNIMAS telah 
dipilih untuk menentukan kehadiran mikroorganisma seperti Escherichia coli. Bilangan paling 
mungkin (MPN) telah dinilai untuk mengesan dan menghitung E.coli dalam sampel air. Suhu 
dan pH digunakan sebagai parameter untuk menilai korelasi ke arah pengagihan koliform 
dalam sampel air. Tiub positif dikulturkan di eosin metilena biru agar (EMBA) untuk mengesan 
E.coli. Sebanyak 30 pencilan E.coli telah dikenalpasti daripada kedua-dua kawasan rekreasi. 
Pencilan wakil telah diuji melalui pewarnaan gram dan ujian biokimia standard. Daripada 30, 
26 telah disahkan sebagai E.coli berdasarkan ciri-ciri morfologi. Pencilan telah diuji untuk 
mengenalpasti kehadiran patogen Escherichia coli O157: H7 dengan penggunaan kaedah 
multipleks PCR bagi mensasarkan stx1 dan stx2 gen. stx1 dan stx2 gen tidak dapat dikesan 
dalam mana-mana diasingkan E.coli. Kajian ini menunjukkan bahawa tidak ada jenis patogen 
yang terdapat di kawasan-kawasan rekreasi dan selamat untuk manusia bagi melakukan aktiviti 
reakreasi. 
Kata kunci: MPN, E.coli, parameters, multiplex PCR, Escherichia coli O157:H7. 
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1.0 INTRODUCTION AND OBJECTIVES 
 
Recreational waters include freshwater recreational areas such as ponds, streams, and lakes, as 
well as public swimming and wading pools. According to Madigan et al. (2012), recreational 
waters can also be sources of waterborne disease, and historically cause disease outbreaks at 
levels roughly comparable to those caused by drinking water.  
 Water quality can be described as combination of sanitary inspection and microbial water 
quality assessment. In developing countries, the quality of water is very essential to public 
health.  This study is done based on the information reported by Sadat et al. (2011), there are 
numerous types of microbial pathogens found in the recreational area around France and it can 
thus serve as a vehicle for the transmission of diseases to people by contact with water. The 
primary contact with recreational water involves activity such as swimming, windsurfing, and 
waterskiing and secondary contact involve boating and fishing. 
 Contamination of water with fecal bacteria is a common and persistent problem 
impacting public health, local and national economies. According to Anyanwu & Okoli (2012), 
the presence of pathogenic agents, such as E.coli, Salmonella, Shigella and Camphylobacter, can 
cause waterborne diseases and it has been reported worldwide. Simons et al. (1922) said that the 
identification of the occurrence of water-illness diseases which may be transmitted by 
recreational water contact. The greatest risk to human health occurs during recreational use of 
water involving primary contact with water and thus, the greatest public health threat is present 
when these waters are contaminated with sewage. For these reasons environmental water must be 




 Indicator microorganisms are used as index of water quality deterioration. Indicator 
microorganisms can be defined as generally one specific species or group of microorganisms, 
which must have entered the water system at the same time as feces, but this indicator is easier to 
measure than the full range of microorganisms which pose the health risk. The most frequently 
used indicator microorganisms are fecal coliform, total coliform and E.coli. Hassan (2009) said 
that the use of coliforms as bacterial indicators of microbial water quality because coliforms 
bacteria usually present in the feces of humans and other warm-blooded animals. However, a 
positive result for the indicator organism showed that the indicator is present in the water body 
and not necessarily that waterborne pathogens are also present (United States Environmental 
Protection Agency, 2012).  
 The degree of fecal contamination in the water samples can be analyzed by a range of 
technique including most probable number and membrane filtration. Recent studies described 
that method generally used for detecting coliforms are not complex and relatively quick 
assessment of water contamination (Jagals et al., 2001). Pathogens including E.coli O157:H7, 
Shigella sp. and Salmonella sp. are associated with the outbreaks of waterborne illness as has 
been reported by Apun et al. (2011). Therefore, this study is aimed two different recreational 
areas around Kuching were chosen to evaluate the microbiological water quality and also 









The objectives of this study are:  
1. To evaluate the microbiological quality of water samples collected from selected 
recreational areas.  
2. To determine correlation of pH and temperature towards distribution of coliform in 
selected recreational area. 
3. To determine the presence of pathogenic E.coli O157:H7 strains in the water sample 















2.0 LITERATURE REVIEW 
2.1 Water quality standards  
Water quality is usually maintained by establishing water quality standards and implementing a 
water monitoring program to ensure that the quality of water is safe (Radojevic et al., 2012). 
This approach provides data on possible sources of pollution in a recreational water catchment, 
as well as numerical information on the actual level of water pollution. Recreational water 
quality can affect the health of recreational water users if high levels of harmful organisms are 
present.  
2.2 Water pollution in recreational area 
According to Lenntech (2011), water pollution can be defined as any chemical, physical or 
biological change in the quality of water that has a harmful effect on any living thing that drinks 
or uses it. It is a serious issue in many countries and it gives negative impacts on the 
sustainability of water resources. For instance, rivers and lakes in India are getting increasingly 
polluted due to human activities of diverse nature (Dash et al., 2008).   
  Several non-point and point sources can contribute to the presence of fecal indicator 
bacteria in aquatic systems that can be detrimental to public health such as, humans, agriculture, 
water run-off, tidal actions, animal traffic, sustained winds, boats, dredging and polluted 
groundwater and environmental sources such as soil (Wahidul Alam and Zafar, 2013). Some 
infections of pathogens can be infected simply by getting polluted water on the skin or in the 
eyes. In some cases, swimmers can develop illnesses or infections if an open wound is exposed 
to contaminated water.  
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2.3 Incidence and pathogens in recreational area 
Human pathogens in water supplies usually come from contamination of the water with human 
feces. According to World Health Organization (2012), 3 million deaths occur every year from 
diarrheal diseases worldwide. Recent studies showed that etiologic agents in the outbreaks of 
recreational waterborne gastrointestinal illness were bacteria including Escherichia coli 
O157:H7, Salmonella spp. and Shigella spp.  
 Staphylococcus aureus and Klebsiella were found in this location based on previous 
study that has been done in the Nigeria. It was also found that all the water samples were positive 
for coliform MPN and it showed high contamination and risk to public health (Anyanwu and 
Okoli, 2012). The presence of infected animals and human feces are the potential factors that are 
contributing the higher possibility these organisms to contaminate the recreational water. Thus, 
the outbreaks of waterborne illness always exist. 
  E. coli is a common cause of diarrhea worldwide and this bacteria normally effect on 
childhood nutrition and development as described by Demena et al. (2003). Children, the elderly, 
and people with weakened immune systems are most likely to develop illnesses after coming into 
contact with contaminated water. Previous reports of outbreaks of E. coli O15:H7 showed that 
seven cases of E. coli O15:H7 infection were identified in children who had been swimming in 
Cornwall (Ihekweazu et al., 2006). They were ill and exhibited clinical symptoms including 
diarrhea, abdominal pain, vomiting and blood in stool. Therefore, it is important to determine if 





2.4 Indicator microorganisms 
Indicator microorganisms have been used globally as warning of possible contamination and as 
an index of water quality deterioration. According to Rehman et al. (2012), coliform bacteria are 
often referred to as “indicator organisms” because they indicate the potential presence of disease 
causing bacteria in water.  
 There are some criteria for an ideal indicator microorganism. The organism should be 
give benefits for all types of water and it should be present whenever enteric pathogens are 
present. Besides, the density of the indicator organism should have some direct relationship to 
the degree of fecal pollution. Typical levels of indicator microorganisms in water are difficult to 
predict because of the variability of surface waters and conditions (Maier et al., 2009). The most 
commonly used indicator microorganisms are coliform bacteria and E. coli which are found in 
large numbers living beside pathogenic microorganisms in the intestinal tracts of warm-blooded 
animal.  
2.4.1 Escherichia coli  
E. coli is a single species of bacteria that is a subset of total and fecal coliform. E. coli has been 
developed to be more specific indicator for the presence of fecal contamination than the fecal 
coliform group of bacteria as described by Jagal et al. (2001). E. coli is normally found in human 
and animal intestines and is the most reliable indicator of fecal contamination in water. Most E. 
coli are harmless and some pathogenic strains such as E. coli O157:H7 can cause illness. The 
presence of E. coli in a recreational water sample almost always indicates recent fecal 




2.4.2 Fecal coliform  
Fecal coliform bacteria are a sub-set of the total coliform group. Fecal coliforms are not a single 
microorganism but a group of microorganisms with the same definition as total coliform bacteria 
except that they grow at 44.5ºC. The reason for testing for fecal coliforms is that they are more 
restricted in their source to the gastrointestinal tract of warm-blooded animals. Their presence in 
water could indicate fecal contamination and therefore presence of pathogens (Ishii and 
Sadowsky, 2008). 
2.4.3 Total coliform 
Total coliform are commonly found in the environment and are generally harmless. They are 
aerobic and facultatively anaerobic, gram-negative, and rod-shaped bacteria that ferment lactose. 
Coliform are normally belong to the family of Enterobacteriaceae and other genera include 
Enterobacter, Klebsiella, and Citrobacter. According to Hurst et al., (1997), coliform has been 
translated into specific chemical reactions or the appearance of characteristics colonies on 
commonly used in media.  
 
2.5 Escherichia coli O157:H7 
E. coli O157:H7 is so-named because it expresses the 157th somatic (O) antigen identified and 
the 7th flagellar (H) antigen. Escherichia coli O157:H7 was first identified as a human pathogen 
in 1982 (Mead and Griffin, 1998). These bacteria can be transmitted to humans through 
contaminated food, water, and direct contact with infected people or animals. It is generally 
present at very low concentrations in environmental waters within a diversified microflora. 
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During the past decade, Escherichia coli O157:H7 has evolved from a clinical novelty to a global 
public-health concern.  
 Escherichia coli O157:H7 producing E. coli strains are responsible for outbreaks and 
sporadic diarrhea. Outbreaks in the past few years have resulted in the illness of over 5000 
Japanese school children and the death of 20 people in central Scotland. Exposure to E. coli 
O157:H7 can cause many diseases. It can be ranging from complicated diarrhea to hemorrhagic 
colitis and haemolytic uremic syndrome which is lead to death. Sidhu et al. (2013) reported that 
exposure to recreational water has been linked to high numbers (21 out of 31) of reported E. coli 
O157:H7 disease outbreaks in the United States from 1982 to 2002. In Switzerland, this 
pathogenic strain E. coli 0157:H7 were detected that tens of thousands of cases occurred during 
this epidemic. According to Thenmozhi (2010), Switzerland is the first major outbreak of bloody 
diarrhea in the developing world associated with this pathogenic strain.   
 
2.6 Method to determine level of bacterial contamination  
2.6.1 Most probable number (MPN)  
The MPN test is the common enumeration method used to estimate numbers of viable bacteria in 
surface water, soils and sediment (Mara and Horan, 2003). MPN method also allows direct 
detection of coliforms and E. coli in a sample. The results are expressed in terms of the MPN of 
microorganisms detected per volume of sample. Although the technique is rather time-
consuming which is involved presumptive test, confirmation test and completed test, but this 
technique is most prefer of water analysis than other techniques. This is because MPN test is 
recommended for high turbidity waters. According to Rehman et al., (2012), hypothesis has been 
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created which is the higher the level of indicator bacteria, the higher the level of fecal 
contamination and the greater the risk of water borne diseases.  
2.6.2 Membrane filtration  
According to Hurst et al. (1997), this technique is focused on the entrapment of the bacterial 
cells by a membrane filter.  Pore size that is usually used is 0.45 µm. Other than that, this method 
has greatest limitations which it is useful only for low-turbidity waters and for waters that have 
low concentrations of non-target microorganisms. Membrane filtration is easier to perform than 
MPN test because it requires fewer test tubes.  
2.7 Multiplex PCR 
Multiplex polymerase chain reaction (PCR) was defined as the use of two or multiple primer sets 
to amplify a multiple regions of a DNA template in a single tube (Osek, 2001). Nowadays, this 
method has been applied as general techniques include pathogen identification, gender screening, 
linkage analysis, forensic analysis, and facilitate the diagnosis of infectious diseases. In addition, 
multiplex PCR is an essential cost-saving technique used widely in environmental microbiology 
studies (Edward and Gibbs, 2012). 
 The previous study that has been done by Susumu et al. (2005) showed that DNA 
detection sensitivity for this method was 10
3
 CFU/ml for this virulence gene. Apart from that, it 
has documented the use of multiplex PCR for the detection of E. coli O157:H7 strains that are 
not readily detected by conventional culture such as sorbitol MacConkey agar culture (SMAC) 
and has documented its ability to provide rapid same-day results. Erlich (1992) also determined 
that conventional pathogen characterization involving the culture of some organisms may take 
weeks but multiplex PCR can be performed in hours.  
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2.8 Shiga like toxin 
Shiga-like toxin producing Escherichia coli (STEC) and especially serotype O157 are important 
emerging pathogens that can cause a variety of clinical symptoms ranging from mild diarrhea to 
severe bloody diarrhea (Mauro and Koudelka, 2011). This method has been developed using 
primer sets that directly detect genes that are characteristic for E. coli 0157:H7 strains. In this 
study, SLT-I and SLT-II primer sets were targeted for the Shiga toxin producing genes.  
 Stx genes produce proteins that are pathogenic to humans which are leading to severe 
gastrointestinal illness. By using multiplex PCR, E. coli O157: H7 will be determined by SLT- I 
and SLT-II primer. The presence of Stx-producing organisms has been reported for a number of 
aquatic ecosystems including swimming pools, rivers, lakes, and drinking water (Marzony et al., 
2011). 










3.0 MATERIALS AND METHODS 
3.1 Overall study framework 
           The experimental setup of this study is summarized by the flow chart shown in Figure 3.1. The 
activities started with samples collection from two different areas and parameters including 
temperature and pH reading were taken during this study. Then, most probable number (MPN) 
was done to estimate numbers of viable bacteria. This research then was continued by 
performing conventional bacterial identification consisting of gram staining and biochemical 
test. Detection of E. coli O157:H7 was done on these samples by using multiplex PCR and then 
run it on agarose gel electrophoresis.  
.  
Figure 3.1: Flow chart of experimental setup. 
Collection of samples: pH and 
temperature were also collected. 
Most probable number 
Bacterial identification: gram staining 
and biochemical test. 
DNA extration using boil cell method 
Multiplex PCR to detect the virulence 
genes of E.coli 0157:H7 
Agarose gel electrophorosis 
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3.2 Samples collection 
 
          Water samples were collected from two different recreational areas in Rachan Waterfall Park, 
and UNIMAS lake around Kuching, Sarawak. At each recreational area, there are two different 
sites were chosen. RA and RB were presented as Rachan Waterfall sites while UA and UB 
presented as UNIMAS lake. The sampling was done on every Saturday and same time for ten 
weeks, starting from 23
rd
 February 2013 until 27
th
 April 2013.  
  The standard method for surface water sampling was used where the bottle was sunk 
below the water at elbow length without disturbing the bottom sediment. The water collections 
were placed in the 50mL of sterile falcon tubes and kept it from any contamination. Then, the 
samples were placed on ice inside ice box and immediately delivered to laboratory. All samples 
were analyzed within 2-4 hours after collection as described by Ajeagah et al. (2012). 
Temperature readings were taken at sampling sites using thermometer and readings of pH were 
taken in the laboratory using pH meter. 
 
3.3 Most probable number (MPN) 
The method of most probable number was used based on the protocol provided by Maier et al. 
(2009) with slight modifications. 
   The MPN test involved three stages procedure for the detection of fecal contamination. 
There were presumptive test, confirmed test and completed test.  In the presumptive test, five 
tubes of double strength lauryl tryptose broth with 10 mL portions of water sample, five tubes 
of single strength lauryl tryptose broth with 1 mL portions of the water sample, and five tubes of 
single strength lauryl tryptose broth with 0.1 mL portions of the water sample were inoculated. 
The procedures were carried out aseptically by using sterile pipette.  These samples were then 
incubated at 37ºC and examined for growth and for gas and acid production after 24h. From 
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each of the positive tubes of lauryl tryptose broth (LTB), a loopful was transferred aseptically to 
separate tubes of brilliant green lactose bile broth (BGLB) and the tubes were incubated at  
37ºC for 24 h.  Gas formation in Durham tubes indicated positive response in this stage. MPN 
was calculated for positive response tubes in this stage of test using MPN standard table that 
showed numbers of coliforms per 100 ml.  
  One of the positive tubes was selected and used to inoculate a streak plate of Levine’s 
eosine methylene blue agar (EMB) to observe the presence of coliform for confirmative test. 
The plates were incubated at 37ºC for 24 to 8 h. The typical coliform colonies were observed. 
Then, the organisms that grew on the confirmed test media were inoculated into nutrient agar 
slants. This working culture was used for subsequent detection analysis. The MPN was also 
carried out in duplicate for each sample. 
  
3.4 Bacterial identification 
All isolates were tested through gram-staining and a series of standard biochemical tests. The 
Biochemical tests included SIM test and MR-VP test.  
 
3.4.1 Gram staining 
Gram staining was carried out based on the protocol provided by Ekanem and Otti (1997) with 
minor modifications. 
 The single colony of bacteria from each plate was transferred to the inoculating loop and 
spread onto sterile slides used to test Gram-staining.  A drop of distilled water was added to the 
slide. The slides were rapidly passes over the flame of Bunsen burner for a few times until the 
water dried up. Then, crystal violet was poured onto the slides and leave for one minute.  The 
15 
 
iodine was added and leaved for 30 seconds.  90% alcohol was used to decolorize the bacteria 
samples. Safaranin was added lost and leaved it for 30 seconds to counterstain the smear.  The 
slide was leaved to dry at 37 ºC.  Lastly, the slides were blot dry gently with soft tissue and the 
Gram-stained was observed under a microscope. The strains with pink colour represented 
Gram-negative bacteria and violet colour represented Gram-positive bacteria.  
 
3.4.2 Sulfur Indole Motility Medium (SIM) Test 
SIM test were done based on the protocol provided by Singh and Prakash (2008). Motility, 
hydrogen sulphide (H2S) formation and indole formation tests were performed by stabbing a 
pure culture into centre of the agar and incubated for 18-24h at 37°C.  After inoculation, 
motility and H2S production were observed. Afterwards, a few drops of Kovacs’ reagent were 
added and indole production was observed.  
 
3.4.3 Methyl-red Test and Voges-Proskauer Test (MR-VP) 
MR-VP test were done to test the presence of E. coli in the sample as described by Tharannum 
et al. (2009).  
 Single colony from the pure culture of the test organism was inoculated in 10 ml of sterile 
MR-VP broth. After 24-48 hours incubation at 37ºC, a few drops of methyl red solution was 
added into MR broth and observed for color formation. 1 mL of the MR-VP Broth culture was 
transferred into to a sterile MR tube. 5 drops of Methyl Red were added and the color change 
was observed. 1 mL of the MR-VP Broth culture was transferred into a sterile VP tube. Six 
drops of Voges-Proskauer Reagent A (5% alphanaphthol) and 2 drops of Voges-Proskauer 
